
A Critical Evaluation of Glycated Protein
Parameters in Advanced Nephropathy:
AMatter of Life or Death
Time to dispense with the hemoglobin A1C in end-stage kidney
disease

Chronic kidney disease remains as one of the major complications for individuals with diabetes
and contributes to considerable morbidity. Individuals subjected to dialysis therapy, half of
whom are diabetic, experience a mortality of ;20% per year. Understanding factors related to
mortality remains a priority. Outside of dialysis units, A1C is unquestioned as the “gold stan-
dard” for glycemic control. In the recent past, however, there is evidence in large cohorts of
diabetic dialysis patients that A1C at both the higher and lower levels was associated with
mortality. Given the unique conditions associated with the metabolic dysregulation in dialysis
patients, there is a critical need to identify accurate assays to monitor glycemic control to relate to
cardiovascular endpoints. In this two-part point-counterpoint narrative, Drs. Freedman and
Kalantar-Zadeh take opposing views on the utility of A1C in relation to cardiovascular disease
and survival and as to consideration of use of other short-term markers in glycemia. In the
narrative below, Dr. Freedman suggests that glycated albumin may be the preferred glycemic
marker in dialysis subjects. In the counterpoint narrative following Dr. Freedman’s contribution,
Dr. Kalantar-Zadeh defends the use of A1C as the unquestioned gold standard for glycemic
management in dialysis subjects.

—WILLIAM T. CEFALU, MD

EDITOR IN CHIEF, DIABETES CARE

An ideal assay for long-term glycemic
control in diabetes would accurately
reflect recent serum glucose con-

centrations and predict hypoglycemia-
and hyperglycemia-related complications.
Hemoglobin A1C (A1C) remains a widely
used and trusted tool for assessing glyce-
mic control in patients who lack ad-
vanced nephropathy or anemia. The
accuracy and predictive ability of the A1C
in those with end-stage kidney disease
(ESKD) has recently been called into ques-
tion. The relationship of A1C to serum glu-
cose concentrations changes markedly in
advancednephropathy, as a lowerA1C level
is seen for similar glucose levels compared
with patients without nephropathy. This
observation likely reflects shortened eryth-
rocyte (red blood cell; RBC) survival result-
ing in less time for hemoglobin and glucose
to chemically interact. Incorrectly low A1C
results in the dialysis clinic produce a false
sense of security for patients and clinicians,
potentially contributing to the dismal
survival rates on dialysis. This article re-
views the controversies surrounding the
clinical application of A1C in patients
with advanced kidney disease. Unad-
justed A1C values do not predict out-
comes in patients on dialysis. Promising
results for glycated albumin (GA) and
other glycemic control assays in dialysis
populations are reviewed.

Aggressively lowering blood glucose
based on A1C targets failed to consistently
reduce macrovascular complications in
patients with diabetes (1–5), although
persisting higher A1C likely contributed
to the excess mortality risk in intensively
treated Action to Control Cardiovascular
Risk in Diabetes (ACCORD) participants
(6). In contrast, lowering A1C consistently
delays microvascular complications (1–5).
There is general agreement that A1C
values in the aforementioned studies ac-
curately reflected diabetes control. In con-
trast, A1C poorly reflects diabetes control
in patients with ESKD or stage 5 chronic
kidney disease (CKD) (7–11). There
remains a critical need to identify accurate
assays for measuring recent glycemic
control in patients with ESKD, in whom
mortality rates are 15–20% per year, pre-
dominantly from cardiovascular disease
(CVD). Until accurate measures are identi-
fied, it will be difficult to clearly determine
the effects of better blood glucose control
on hospitalization and mortality rates in
patients on chronic dialysis therapy.

Two large, retrospective, observational
studies assessed the impact of A1C on
survival and hospitalization rates in preva-
lent patients on hemodialysis. The authors
reached contradictory conclusions. Critical
review of these analyses may allow for
common themes to emerge.

Kalantar-Zadeh et al. (12) reported
survival rates based on A1C in 23,618
prevalent maintenance dialysis patients
with at least one A1C measurement. In
an unadjusted analysis, improved sur-
vival rates were paradoxically seen in
those with the highest A1C, likely reflect-
ing better nutritional status. After adjust-
ing for demographic characteristics and
confounders, including dialysis vintage
and dose, medical comorbidities, anemia,
and measures of malnutrition and inflam-
mation, higher A1C values were associ-
atedwith a higher risk of death in a graded
fashion. The increase in risk of death for
rising A1C values was particularly evident
in nonanemic patients with hemoglobin
concentrations above 11.0 g/dL, demon-
strating the importance of longer RBC
survival on validity of A1Cmeasurements
(13). Subgroup analyses revealed that the
association between higher A1C and in-
creased risk of death was more prominent
among younger patients, those on dialysis
longer than 2 years, and those with higher
protein intake, hemoglobin, and serum
ferritin concentrations. The authors con-
cluded that, all other things being equal,
higher A1C values were associated with
increased risk of death on dialysis. Com-
plicated statistical adjustments were re-
quired to reach this conclusion, including
case-mix (reflecting age, sex, race, preexisting
comorbidities, smoking, dialysis vintage,
health insurance, marital status, standard-
ized mortality ratio, dialysis dose, type of
dialysis access, and residual renal function),
and a malnutrition-inflammation complex
syndrome adjustment reflecting the afore-
mentioned case-mix covariates plus BMI,
erythropoietin dose, and 11 laboratory
measures reflecting nutrition and inflam-
mation. This complex analysis is unlikely
to be performed by clinicians caring for di-
alysis patients, thus rendering the use of
A1C levels to determine the adequacy of
blood glucose management problematic.

Another analysis in 24,875 prevalent
maintenance hemodialysis patients revealed
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A1C had only weak correlations with
mean random glucose values (14). Sur-
vival in the subsequent 12-month period
ranged from 80 to 85% across all strata
of A1C. Kaplan-Meier survival curves
grouped by level of A1C demonstrated
an absence of correlation between A1C
and 12-month survival. Only extremely
high and extremely low A1C values were
associated with hospitalization rates. No
significant effect was observed across the
broad range of A1C values between 5.01
and 11.0%, where the vast majority of
readings fall. Three-year follow-up in tra-
ditional or time-adjusted Cox models
demonstrated that only extreme values of
A1C associate with survival (15). A report
in 1,484 incident dialysis patients from
the Alberta Kidney Disease Registry also
concluded that A1C values did not predict
survival (16).

These three studies included nearly
50,000 dialysis patients and demon-
strated that unadjusted A1C values fail
to predict survival or hospitalization,
although Kalantar-Zadeh et al. (12) de-
tected an effect on survival after intensive
statistical adjustment (14,15). There are
several potential explanations, not neces-
sarily mutually exclusive, which may ac-
count for the lack of an association
between A1C and dialysis outcomes.
First, glycemic control may not markedly
impact CVD outcomes as in nondialysis
trials (1–3), just as statins have less of an
effect on CVD in dialysis patients (17).
Second, unique pathways contribute to
CVD in dialysis, including hyperphos-
phatemia, vitamin D deficiency, and hy-
perparathyroidism. Finally, the accuracy
of the A1C assay is impacted by uremia.

Duong et al. (18) next demonstrated a
trend toward association between higher
A1C and CVD mortality in 2,798 patients
with diabetes on peritoneal dialysis; how-
ever, significant association of A1C with
survival was limited to nonanemic pa-
tients with hemoglobin above 11 g/dL,
again reflecting longer RBC survival. As
in the prior report by Kalantar-Zadeh
et al. (12), complex adjustments were re-
quired to reach this conclusion. Impor-
tantly, 92% of American dialysis patients
perform hemodialysis and the majority
have anemia (19). A1C values in peritoneal
dialysis patients are most useful in those
lacking anemia. Clearly, unadjusted A1C
results are not an ideal assay in either he-
modialysis or peritoneal dialysis patients.

Relative to ambient glucose concen-
trations, A1C values are markedly lower
in dialysis patients than those without

nephropathy. Inaba et al. (8) demon-
strated falsely low A1C values in Japanese
hemodialysis patients by comparing re-
sults to a simultaneous GA; this was fol-
lowed by reports in African Americans and
European Americans (9–11). The U.S. re-
port revealed that patients on hemodial-
ysis had significantly higher mean casual
serum glucose and GA concentrations,
despite lower A1C compared with non-
nephropathy control subjects (11). The
GA:A1C ratio was significantly increased
in patients on hemodialysis, relative to con-
trol subjects lacking nephropathy. A1C
was positively associated with hemoglobin
concentrations and negatively associated
with erythropoietin dosage, whereas these
factors and serum albumin concentration
did not significantly impact GA. In best-
fit multivariate models, hemodialysis status
significantly impacted A1C, without signif-
icant effect onGA. These studies reveal that
A1C levels significantly underestimate
glycemic control in patients on hemodial-
ysis, while GA more accurately reflects re-
cent control. Consistent relationships were
observed between GA and A1C across
populations; the GA:A1C ratio in diabetic
patients on hemodialysis, relative to non-
nephropathy control subjects was virtually
identical in Japanese (3.81/2.93 5 1.30)
and Americans (2.72/2.07 5 1.31), dem-
onstrating the bias introduced by A1C. It
will be difficult to appropriately adjust A1C
values in dialysis patients because of wide
variability in hemoglobin, nutritional, and
inflammatory parameters. Despite substan-
tially lower erythropoietin requirements,
A1C values are also low in patients on
peritoneal dialysis and CKD stage 5 pre-
dialysis (9,10). These studies were limited
by not comparing A1C and GA with fast-
ing blood glucose (20), a factor related to
the timing of dialysis shifts; however, this
does not alter the main conclusions.

Although GA more accurately reflects
recent glycemic control in patients with
advanced kidney failure or on dialysis, it
remained necessary to prospectively as-
sess the impact of GA on patient survival
and hospitalizations. To address this,
quarterly GA levels were longitudinally
measured in 444 prevalent dialysis pa-
tients from an academic dialysis provider;
hemodialysis and peritoneal dialysis pa-
tients were included (21). Proportional
hazard time-dependent covariate models
were computed with adjustment for de-
mographic characteristics, comorbidities,
and laboratory variables. Similar analyses
were performed for A1C and casual serum
glucose determinations. Participants were

53% male, 54% African American, and
43% European American. During median
follow-up of 2.25 years, 156 deaths were
recorded. In best-fit models, significant
predictors of death were increasing
GA, increasing age, peripheral vascular
disease, low serum albumin, and low he-
moglobin concentration. For each 5% in-
crease in GA, the risk of death increased by
14%. A1C and casual serum glucose did
not predict survival. In addition, higher
GA (and higher serum glucose concentra-
tion) was associated with hospitalization in
the 17 and 30 days after measurement,
whereas A1C was not. Restricting the anal-
ysis to the 401 patients on hemodialysis,
GA significantly predicted risk of death af-
ter adjustment for only age, sex, race, and
BMI (a trend was present without adjust-
ment), whereas A1C did not. These results
complement those of Fukuoka et al. (22),
who found that high GA values at dialysis
initiation, not A1C, were associated with
poorer patient survival after 4 years.

GA reflects glycemic control predom-
inantly during the preceding 17 days,
relative to;30 days for A1C. Both assays
have limitations. The GA reference range
(mean6 2 SD) in Americans with normal
glucose tolerance is 11.9–15.8%. As for
A1C, African Americans have slightly
higher values than European Americans
(23). The GA assay used in these studies
is not yet approved for use in the U.S. by
the U.S. Food andDrug Administration; it
is available in Asia (7–10). GA can be im-
pacted by albuminuria, cirrhosis, thyroid
dysfunction, and smoking. Nonetheless,
its usefulness in patients on and near di-
alysis has been demonstrated; GA outper-
forms A1C in these settings. Albuminuria
typically falls with lower glomerular filtra-
tion rates in patients on dialysis, potentially
minimizing the effect of albuminuria in
ESKD. The superior ability of GA to predict
dialysis outcomes cannot be attributed to
the serum albumin concentration, analyses
adjusted for serum albumin. GA reflects the
percentage of albumin that is glycated re-
gardless of total concentration. In contrast,
A1C is limited not only by advanced ne-
phropathy but is also subject to error
from rapidly changing diabetes control,
severe anemia, hemolytic anemia, iron de-
ficiency, recent blood transfusion, HIV
positivity treated with antiretroviral ther-
apy, erythropoietin and other drugs inter-
acting with erythropoiesis, and chronic
alcohol abuse (24). Although one study
suggested that anemia impacted the ability
of A1C to predict outcomes in ESKD (18),
hemoglobin levels in patients on dialysis
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change frequently. Erythropoietin use and
hemoglobin concentrations in the U.S. are
declining as the result of bundled dialysis
payments and a black box warning. As
such, higher percentages of dialysis pa-
tients will likely manifest low hemoglobin
concentrations and require blood transfu-
sions in the near future—factors negatively
impacting the prognostic value of A1C.

Although this article focused on GA,
other assays and measures of glycated
proteins have been evaluated in ESKD.
Continuous glucose monitoring (CGM)
may prove useful in patients on dialysis.
CGM has been evaluated in small num-
bers of hemodialysis patients (25,26).
A strong correlation was observed be-
tween CGM and glucose meter readings
in hemodialysis patients, whereas fructos-
amine and A1C readings were poorly cor-
related with CGM and thus were felt to be
less valuable. Kazempour-Ardebili et al.
(26) demonstrated lower 24-h mean glu-
cose values and 24-h CGM area under the
glucose curve in hemodialysis patients on
the day of their treatment, relative to non-
dialysis days, with frequent episodes of
asymptomatic hypoglycemia. In addition,
serum albumin–corrected fructosamine
may be more tightly correlated with
mean serum glucose values below 150
mg/dL in hemodialysis patients relative
to A1C; fructosamine also better pre-
dicted hospitalizations and infectious
complications (27). Finally, care must be
exercised when using glucose dehydroge-
nase pyrroloquinoline quinone glucome-
ters in peritoneal dialysis patients who use
icodextrin dialysate, because of interfer-
ence with the assay and overestimation
of serum glucose levels (28).

Is it appropriate to measure A1C in
patients with diabetes on dialysis? A1C
values are significantly reduced by uremia
and shortened RBC survival. They do not
reliably predict outcomes in ESKD. CGM
remains to be evaluated for effects on
survival and hospitalizations in the di-
alysis population, whereas GA has dem-
onstrated prognostic utility. Prospective
studies testing prespecified diabetes con-
trol targets based on GA, fructosamine
and CGM remain to be performed in
order to determine whether survival and
hospitalizations would be reduced with
intensive glycemic control. In contrast to
A1C, GA and CGM appear to have far
more promise in this regard. In an era of
limited resources, there is no reason to
continue measuring A1C in patients with
diabetes and ESKD. Despite the shorter
half-life of glycemic control, quarterly GA

measurements appear adequate and pro-
vide useful information to guide physicians
in the care of patients with ESKD. Until the
GA assay is available, frequent measure-
ments of serum glucose appear more valu-
able than A1C in patients on dialysis.
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